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weighed. Linear measurements 
taken were basal diameter, 
crown diameter, leaf h e i g h t , 
culm height, compressed crown 
diameter, c o m p r e s s e d leaf 
length, and compressed culm 
length. Simple and multiple cor- 
relations were then calculated to 
determine the relative contribu- 
tion of each measurement in- 
dividually and in combination 
with others as it affects plant 
weight. Conclusions are as fol- 
lows: 

1. Intensity of past grazing 
use had no effect on the ranking 
of correlation coefficients be- 
tween yields and each of the 
linear measurements. 

2. Area or site conditions had 
no effect on the ranking of cor- 
relation coefficients. 

3. Measurements of com- 
pressed plants were much more 
closely correlated with p 1 a n t 

HICKEY 

weight than those of uncom- 
pressed plants. 

4. The combined seven meas- 
urements accounted for 85.4 per- 
cent of the variability in plant 
weight. 

5. Measurement of basal di- 
ameter, compressed crown di- 
ameter, and compressed leaf 
length provides an estimate of 
plant weight nearly equal to that 
obtained from all seven meas- 
urements. A 1 s o , compressed 
crown diameter with compressed 
leaf length accounted for 84.3 
percent of the variability in 
plant weight. 
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In recent years there has been 
considerable interest in fertiliza- 
tion on California’s annual 
range-land, not only for ih- 
creased forage production, but 
also for increased quality of feed. 
Conrad (1950), Bentley and 
Green (1954)) and Williams, et 
al. (1956)) found that applica- 
tion of phosphorus and sulfur in- 
creased legumes and thereby 
substantially increased the suc- 
ceeding crop of nonlegumes. 
Evans and Love (1956) reported 
that grasses such as soft chess 
(Bromus mollis), ripgut (B. rigi- 
dus), wild oats (Avena spp.), and 
broadleaf filaree (&odium bo- 

trys) increased with application 
of nitrogen especially in combi- 
nation with phosphorus and sul- 
fur, work by Jones and Evans 
(1960) indicated that changes in 
botanical composition resulting 
from the application of nitrogen 
and phosphorus were not the 
same on grazed as on ungrazed 
plots. 

Beginning in 1953, Martin et al. 
(1954) (1956) (1957) (1958) re- 
ported the results of a number 
of large scale fertilizer trials on 
California’s annual range using 
animal gains as a measure of 
results. The purpose of this pres- 
ent study was to survey the bo- 

tanical composition of a number 
of these fertilizer trials which 
had been grazed by sheep or cat- 
tle, and which represented a 
wide range of soils and climatic 
conditions, to see if consistent 
changes resulted from the appli- 
cation of nitrogen fertilizers. 

Procedure 
Botanical composition was 

measured on previously nitrogen 
fertilized and unfertilized annual 
range-land at 11 locations in Cal- 
ifornia. These areas were sur- 
veyed between March 23 and 
April 28, 1959 by a modification 
of the step-point method as des- 
cribed by Evans and Love (1957). 
About 400 points and 40 esti- 
mates of total ground cover were 
taken in each pasture-treatment 
along six to ten transects. The 
number of transects and the dis- 
tance between each point along 
the transect was determined by 
the size and shape of the pasture. 
The percentage of a given spe- 
cies in a pasture was found by 
dividing the number of hits 
which occurred on the species in 



the pasture by the total number 
of hits taken in the pasture. The 
percentage of ground area cov- 
ered by a species equals the esti- 
mated total ground cover times 
the percent of hits on that spe- 
cies. 

The effect of fertilization upon 
the percentages of the various 
species found in annual range 
was determined by pairing the 
treatments at the 11 locations 
and applying the T test. Since 
only a few species were found 
which were common to each lo- 
cation, they were grouped as fol- 
lows for simplification: (1) De- 
sirable annual grasses (soft 
chess, wild oats and rye grass 
1 Lolium muZtifEorm] ) , (2) unde- 
sirable annual grasses (ripgut, 

NITROGEN FERTILIZER 

foxtail [ Hordeum spp] , fescue 
[ Festuca spp.] , medusahead 
[ Elymus caput-medusa L.] and 
others), (3) legumes (clovers 
[Trifolium subterranean, T. hir- 
turn, other T. spp.], [Medicago 
hispida] , and Lotus spp.) , (4) 
filaree (Erodium spp.) and other 
miscellaneous f orbs. 

Results and Discussion 

The number of years a pasture 
was fertilized and the last grow- 
ing season fertilizer was applied 
at the 11 locations are given in 
the second column of Table 1. 
For each location the first line 
indicates the ground cover per- 
centage for the various plant 
categories and on the second line 
are the observed shifts due to 
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nitrogen fertilization. The sum of 
the latter figures make up the in- 
crease in ground cover which 
was reported in column four. 
These figures show clearly that 
nitrogen fertilization always had 
the effect of increasing the per- 
centage of the ground covered. 

On the unfertilized pastures 
the ground cover was about 
equally divided between desir- 
able and undesirable grasses. 
Thus it may be seen that without 
fertilization, grasses classed as 
desirable covered a greater per- 
centage of the ground than 
grasses classed as undesirables at 
6 out of 11 locations and the 
average ground cover by the re- 
spective categories of grasses 
was 12.6 and 13.6 percent. When 

Table 1. Effect of Nitrogen Fertilization on Percentage of Ground Cover and Changes in Species Present in 1959 
Subsequeni to Ferfilizaiion and Grazing. 

Fertilization Total Species Present and Observed Shifts Due to Fertilization 
No. Years Ground Increase 

County and (last Treat- Cover Due to Annual Grasses Perennial Other 
Ranch year) ment Percentages Nitrogen Desirable Undesirable Grasses Legumes Filaree Forbs 

Fresno 2 Ck 23 11 3 1 6 2 
Johnson 1959 N* 31 +. 6 +3 + 2 I::: .-__ + 3 ____ 

Tehama 2 Ck 62 17 19 -._. 9 11 6 
Miller 1959 N* 74 +12 +I6 +2 -6 +2 -2 

Madera 2 Ck 68 16 17 ____ 1 31 3 
Fulton 1959 NS* 75 +7 +4 +3 -1 + 1 .__. 

Fresno 3 Ck 54 18 14 ____ 3 17 2 
Sunland 1959 NPS* 64 +10 +6 +3 -2 +2 -1 

Mendocino 
Hopland- 2 Ck 77 1 15 36 16 __-_ 9 
Josephine 1959 NPS* 90 +13 +4 +6 +I6 -12 __-- 

Mendocino 
Hopland- 2 CK 78 6 39 16 9 _.__ 8 

Los Gatos 1959 NPS* 92 +14 -_._ +I7 -2 -9 +5 +3 
Los Angeles 2 CK 33 20 4 

--.- -*-- 
6 3 

Newhall 1958 N 63 +30 +24 + 5 +2 -1 

Yolo 3 Ck 59 17 10 ____ 13 12 7 
Karns 1958 N 84 +25 +6 +I1 _.-_ +6 +2 

Glenn 2 Ck 44 15 8 
-_-- 

1 15 5 
Sevier 1957 NS 52 +6 +4 + 2 +4 -2 ____ 

Sacramento 4 Ck 44 11 5 
---- 

4 13 11 
Van Vleck 1958 NP 64 +26 +6 + 4 _.._ +6 +4 

San Luis 
Obispo 2 Ck 59 6 16 16 2 ___- 19 
Hearst 1958 NP 60 +1 +4 -2 -6 +2 ____ +3 

Average Ck 54.6% 12.6% 13.6% ____ 5.4% 10.1% 6.3% 
Values +N 68.1% +13.5% + 7.2% + 5.0% ____ -2.2% + 2.3% + .5% 
*N applied during growing season when species counts were made. 
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nitrogen fertilizer was applied 
the desirable annual grasses in- 
creased an average of 7.2 percent 
compared to an average increase 
of 5.0 percent for the undesirable 
annual grasses. 

Results of the T test indicated 
that the increase in desirable, 
and undesirable grasses as well 
as the increase in total ground 
cover was significant at the 1 
percent level. 

In the desirable annual grass 
group, soft chess occurred at 
every location and increased in 
ground cover with nitrogen fer- 
tilization at every location ex- 
cept at one where rattail fescue 
was dominant. Wild oats was 
found at 8 locations and in- 
creased at each one of these with 
nitrogen fertilization except at 
one where rye grass was domi- 
nant. Rye grass was found at 6 
locations and increased at 5 when 
fertilized with nitrogen. At the 
location where no increase was 
shown the percentage of ryegrass 
was very low. 

In the undesirable grass group 
ripgut was the most common, oc- 
curring at all 11 locations. Ni- 
trogen fertilization increased the 
percentage ground cover by rip- 
gut at 8 locations. At 2 of the lo- 
cations where there was no in- 
crease, the percentage of ripgut 
was very low (about 1 percent), 
and at the third location show- 
ing no increase, soft chess and 
wild oats were abundant. Fox- 
tail was found at 7 locations and 
increased in ground cover from 
1 to 8 percent at each location. 
Rattail fescue was also found at 
7 locations but increased with 
nitrogen fertilization on only 
two. 

Where nitrogen had been ap- 
plied the season of the survey, 
the percentage ground cover by 
legumes decreased at 5 out of 6 
locations. At the 5 other loca- 
tions where nitrogen was ap- 
plied previous years but not in 
the season of sampling the per- 
centage ground cover of legumes 

either did not change or in- 
creased slightly on nitrogen fer- 
tilized areas. The T test indi- 
cated the decrease in legumes on 
fertilized pastures was signifi- 
cant at the 20 percent level. 

Filaree was encountered at 9 
of the 11 locations and at 8 of 
these it’s ground cover percent- 
age increased with nitrogen fer- 
tilization. The one location show- 
ing the decrease showed the larg- 
est increase in legumes, and a 
moderate increase in grasses. The 
T test indicated the increase in 
filaree on fertilized pastures was 
significant at the 2 percent level. 

Perennial grasses were found 
on only 3 of the sites in sufficient 
quantity to sample, and no def- 
inite trend was established with 
respect to perennials and nitro- 
gen fertilization. There were 
other species of grass and forbs 
noted in the survey, but their 
distribution was not wide enough 
to give meaningful results in this 
study. This survey indicated 
changes which may generally be 
expected to take place when ni- 
trogen fertilizers are applied. It 
also pointed up the variability 
in response to fertilization, indi- 
cating that other factors such as 
soil, grazing use, slope, exposure 
and dominant species in the area 
have a great influence upon the 
botanical composition and how it 
will change when fertilized. 

Summary 

Botanical composition was 
measured on nitrogen fertilized 
and unfertilized range at 11 lo- 
cations in the California annual 
type range. Nitrogen fertiliza- 
tion increased the percentage of 
the ground covered by plants. 
Annual grasses and filaree were 
the plants contributing to the in- 
creased ground cover on the fer- 
tilized pastures. In general unde- 
sirable annual grasses did not 
dominate and crowd out the 
more desirable grass species 
where nitrogen fertilizer was ap- 
plied. The percentage of the 

ground covered by legumes was 
reduced where nitrogen was ap- 
plied the same season of sam- 
pling, but where nitrogen had 
been applied previous years and 
not in the season of sampling the 
percentage ground cover of leg- 
umes had either not changed or 
had increased slightly on the 
fertilized areas. 
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